Bilateral lesions were made in three groups of rats, selectively destroying the corticomedial amygdala, the pyriform cortex, or the dorsal stria terminalis. During Phase 1 of the experiment, the behavior of each rat was observed in an open-field apparatus for 4 consecutive days for 5 min per day. This phase permitted an evaluation of exploration that occurs when a rat is forced into contact with novelty. During Phase 2, a novel object was placed in the center of the open field and the procedure was repeated for 4 more days. This phase permitted an evaluation of the exploration that occurs when a rat can interact voluntarily with novelty. Lesions of the corticomedial amygdala increased contact with novelty during Phase 1 and increased exploration of the novel object during Phase 2. Stria terminalis lesions produced the same pattern, except that contact and exploration were decreased. Pyriform lesions decreased exploration only during Phase 2. These data show that the effect of lesions of the amygdala and related structures on exploration are different when different types of exploration are measured. The role of the amygdala and its afferent and efferent neural connections in mediating the two types of exploration studied is discussed.
produced no change in levels of locomotor activity and exploration. White and Weingarten (1976) found that satiated rats with bilateral lesions of the basolateral nucleus and adjacent pyriform cortex explored more than normal rats when exposed to novel visual and olfactory stimuli. However, in the same study, similar lesions produced decreases in exploration in food-deprived animals.
These results are difficult to interpret for several reasons. First the studies cited have not all taken into account the several different types of exploration that have been identified on the behavioral level. Berlyne (1960) described three distinct types of exploratory behavior in rats and the operational conditions associated with each: (1) Inspective exploration occurs when a rat is forced into contact with a novel situation or with novel stimuli. These conditions prevailed in the experiments reported by Corman et al. (1967) and by White and Weingarten (1976) . In both cases, increases in the behavioral measures were observed following amygdaloid destruction. (2) Inquisitive exploration occurs when a rat in a familiar environment is given an opportunity to explore a novel area or stimulus object voluntarily. This condition prevailed in the study by McIntyre and Stein (1973) , who did not observe an increase in exploration following amygdaloid destruction. (3) The third type of exploration generally occurs when rats are food deprived, and may be presumed to be searching for food. White 319 and Weingarten (1976) found that this type of exploration was decreased by amygdaloid lesions.
A second difficulty in interpreting data on the effects of amygdaloid lesions on exploration lies in the probable functional differentiation within the different parts of the amygdala with respect to their influence on this behavior. In the three studies discussed above, "amygdaloid lesions" were in fact lesions involving anatomically different parts of the amygdala: the basolateral nucleus (Corman et al., 1967) , the central nucleus (McIntyre & Stein, 1973) , and the corticomedial nucleus and pyriform cortex (White & Weingarten, 1976) . It· seems likely that these differences might also have contributed to the confusing nature of the results.
In the present study, we examined the effects of localized lesions on two of the three identified types of exploration. Anatomically, we sought to determine whether two of the major connections between the amygdala and other limbic structures mediate the neural activity which accompanies exploratory behavior by making bilateral lesions in the pyriform cortex or the dorsal stria terminalis in two groups of rats. In a third group, we destroyed the corticomedial amygdala, through which both of these pathways pass.
METHOD

Subjects
Forty-four male hooded rats, weighing 250-300 g at the time of surgery were housed individually in plastic laboratory cages under a 12-h lightll2-h dark cycle. Food pellets and water were freely available.
Apparatus
The test apparatus was a Plexiglas box measuring 60 x 60 x 30 cm. Three walls were opaque; the front wall was clear to permit observation of the rats by an observer in the room. The room was dark, and the test apparatus was dimly lit by an indirect 60 W bulb. The object used as the novel stimulus was a black wooden block, measuring 5x 4 x 4 cm. Behavioral observations were recorded using a PDP-ll computer, which received impulses from an array of 10 buttons mounted on a small control box. Each button corresponded to a behavior category. Pressing any button indicated that a bout of the behavior associated with that button had begun; pressing a second button indicated that the rat had initiated another type of behavior. A program computed the total duration of each behavior.
Behavior Categories
A total of seven categories of behavior were recorded during the behavior observation periods. The categories are described in Table I .
Procedure
All subjects underwent standard stereotaxic surgery under sodium pentobarbital anesthesia (60 mg/kg), supplemented with chloral hydrate (400 mg/ml) as needed. Bilateral electrolytic lesions were produced stereotaxically by inserting a .2 mm diameter monopolar stainless steel electrode, insulated with Formvar except for .5 mm at the tip, at the following coor- (de Groot, 1959) : the corticomedial amygdala (CMA): 5.1, ±3.5, -3.5; the pyriform cortex (PYR): 5.1, ±6.5, -3.5; the stria terminalis (ST): 4.8, ±4.0, 1.0. To produce the lesions, a 1 rnA circuit was closed for 20 sec in the case of CMA and PYR lesions and for 10 sec in the case of ST lesions, between the intracranial anode and a cathode fixed to the ear-bars of the stereotaxic instrument. The control animals were anesthesized without other treatment. After surgery, all animals were returned to their respective home cages and allowed to recover. The first of the eight daily behavioral observation sessions was carried out 5 to 7 days after the lesions were made. All testing occurred during the last 2 h of the light phase and the first 2 h of the dark cycle. There were no differences in the scores obtained during the light and dark test periods; however, testing was organized so that half of the rats in each group were observed in each period. Immediately before testing each rat, the inside of the test box was wiped clean with a 50% alcohol solution to eliminate odor cues (Whittier & McReynolds, 1965) . Phase 1 of the experiment lasted for 4 days. On each of these days, each subject was placed in a corner of the empty test apparatus, and behavior observations were made for 5 min. Phase 2 also lasted for 4 days, and the procedure was identical, except that the novel object was placed in the middle of the floor of the test box.
After the completion of these tests, the animals were given an overdose of sodium pentobarbital and perfused intracardially with a .856,10 saline solution and 106,10 Formalin. Their brains were removed and fixed in 106,10 Formalin, after which the lesions were reconstructed from 40 ~ thionin-stained frozen sections.
RESULTS
Histological examination of the brains revealed that 10 animals sustained bilateral pyriform cortex lesions. The pyriform cortex (Figure 1 ) was extensively destroyed, with slight damage to the basolateral and cortical nuclei of the amygdala. Four animals sustained bilateral lesions of the corticomedial amygdala, destroying mainly the cortical and medial nuclei. These lesions are shown in Figure 2 . Finally, the stria terminalis was damaged bilaterally in six rats. Figure 3 shows that these 5. 6 '.8 Figure 1 . Area of bilateral pyriform cortex lesions observed in 10 rats. The striped area shows the maximum extent of the leSions, and the dark area shows the extent of the smallest lesion observed. A-P coordinates according to Pellegrino aad CUshman (1967) appear on the midline. Abbreviations: ADM, basomedial nucleus; ABL, basolateral nucleus; ACO, cortical nucleus; AME, medial nucleus; HPC, hippocampus. lesions destroyed a section of the stria terminalis, parts of the dorsal putamen and internal capsule, the most lateral parts of the fimbria of the hippocampus, and parts of the reticular, ventral, and ventrodorsal nuclei of the thalamus. Assessment of the behavioral data included an analysis of the sniffing, walking, and rearing scores, of a total exploration score· made up of the sum of these three component behaviors, in Phases 1 and 2 of the study, and analysis of the object exploration score in Phase 2. Although it contributed to the total exploration score, there were no significant ·changes in the amount of walking, so this behavior is not discussed further. Similarly, there were no significant changes in the nonex- ploratory behaviors shown in Table 1 , so no data for these are presented. The day-by-day mean percent differences between the experimental and control groups for the behaviors that were affected by the lesions are shown in Figures 4, 5 , and 6. The data were transformed using the arcsin square root procedure, and then the data for each phase of the study were evaluated with an analysis of variance for a split plot factorial design with groups of unequal size (Kirk, 1968) . The main effects were groups and days, with days as a repeated measure. In cases where it was justified by the results of the overall analysis, further pairwise orthogonal multiple comparisons were made.
The lesions in the area of the corticomedial amygdala (Figure 4 Phose 2
Fi~ure 5. Behavioral data for rats with stria terminalis lesions .
.29, P = .4]. However, as can be seen from the figure, this lack of difference was due to effects in opposite directions on sniffing and rearing. The CMA rats sniffed significantly more than the control rats [F(1,19) were no significant differences in the total exploration, sniffing, or rearing scores. However, the CMA rats explored the novel object significantly more than controls during this phase of the experiment[F(1,26) = 4.9, p < .05].
For the rats in the stria terminal is group ( Figure  5 ), although there was no difference in sniffing and rearing, the total exploration score was significantly below that for the rats in the control group with pyriform lesions explored the object significantly less than control rats [F(1,32) = 8.7, p < .006].
DISCUSSION
In Phase 1, the rats were exposed to a novel environment from which there was no escape. These conditions fulfilled the requirements for inspective exploration according to Berlyne (1960) or novelty-adjustive exploration according to McReynolds (1962) . In Phase 2, inspective exploration continued to occur, and, in addition, exploration of the object during this phase provided a measure of inquisitive (Berlyne, 1960) or novelty-seeking (McReynolds, 1962) exploration, as the rats could approach or avoid the novel object voluntarily. The data for the rats in the three lesion groups confirm the hypothesis that lesions of different brain areas related to the amygdala produce different effects on these two types of exploration.
Lesions of the corticomedial amygdala and surrounding tissue (Figure 4 ) had no effect on the overall exploration score in Phase 1, but did affect two of the components of total exploration, sniffing, and rearing, increasing the former and decreasing the latter. Misshin, Bouchon, and Ropartz (1976) have suggested that sniffing· of particular objects in the environment represents exploration, while rearing is indicative of a tendency to escape. This interpretation is supported by the increase in exploration of the novel object produced by these lesions in Phase 2. Other workers who have examined rats' responses to novelty of various kinds, have used the term "neophobia" to describe this type of behavior, and Nachman and Ashe (1974) have suggested that amygdaloid lesions reduce neophobia, a finding which is apparently confirmed by the data presented here. Since lesions of the corticomedial area increased the rats' tendency to interact with novelty in the two experimental situations in this study, it seems reasonable to conclude that this area of the amygdala normally functions to suppress these approach responses. This conclusion is consistent with the views of amygdaloid function expressed by other authors (Goddard, 1964; Kaada, 1972; White & Weingarten, 1976) .
In exerting this control over exploration and other approach behaviors, the corticomedial area must function together with other brain areas as part of a neural circuit. We studied the effects of lesions in two of the neural structures which may serve as the links between the amygdala and these other areas. Lesions of the stria terminalis ( Figure 5 ) decreased exploration in Phase 1. This effect was present at the beginning of, but disappeared during, Phase 2 and was simultaneous with a decrease in exploration of the novel object. Thus, while CMA lesions increased the tendency to approach or interact with novelty, ST lesions decreased the rats' tendency to interact with novelty. If one assumes that the ST is an important link between the amygdala and the hypothalamus in the control of exploration. as it is for other behaviors (Elwers & Critchlow, 1960; Gloor, 1960; Nauta, 1963; White & Fisher, 1969) , then it seems likely that this pathway relays an inhibitory action from the hypothalamus to the amygdala. Hilton and Zbrozyna (1963) have demonstrated that the role of the amygdala in producing the defensive response in cats (Hess, 1957 ) is biased by a diencephalic influence which acts via the stria terminalis. It is possible that exploration in response to novelty in rats is a behavior homologous with the defensive response in cats. If so, the present data suggest a similar role for the stria terminalis in the amygdalo-diencephalic relationships involved in producing behaviors related to "emotionality" in the two species.
Pyriform cortex lesions ( Figure 6 ) affected the rats' behavior only in Phase 2 of the experiment. During this phase, the rats avoided the novel object, and their total exploratory activity was also reduced. This pattern of responding suggests that, in contrast to the CMA lesions, the PYR lesions had a specific effect on neophobia. As the pyriform cortex relays sensory input to the amygdala from the lateral olfactory tract (Lammers, 1972) , it seems likely that the lesions eliminated, or partly eliminated, a source of input to the amygdala which is normally necessary for the inhibition of responses to novelty by that structure.
In summary, data from the present study and others strongly suggest that the corticomedial amygdala normally exerts a generally inhibitory influence on approach behaviors, including exploration. The CMA is influenced by the hypothalamus via the amygdaloid afferents in the stria terminalis (de Olmos & Ingram, 1972; Renaud & Hopkins, 1977; Turner & Knapp, 1976) , and it responds to the degree of novelty in the pattern of activity in these afferents. The CMA also appears to be influenced by patterns of activity from the pyriform cortex (de Olmos & Ingram, 1972 ) that provide information about specific novel features of the environment. This input would cause the CMA to inhibit approach, producing neophobia.
